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A TEST OF SNOW FORTIFICATIONS

Dennis R. Farrell

INTRODUCTION lhese predictions put incrcasing presuTc im the
preparedness of toda\ 's soldier. I ime mIna\t per mit

Recent literature on modern battlefield tactics pre- him to adapt to unanticipated c(inditi ins in the hatt-
dicts an environment of intense militars activity and iield. An awareness of not List ne solution, hut sS.iC,tl
decisive engagements. The time frame projected for alternative solutions, to a task is becmin! mole 11-in-
victorv or defeat is drastically condensed compared portant. Expedient constructiin of IILd ,lotit iLI itn s
with that of historical engagements. This viewpoint is is a task requiring such atern.tiC silutiinS.
expressed convincingls in the Department of the Army Histor\ has shown that in some cases sseather in-
Field Manual FM 100-5, Operations (HQ, DA 1976), iluences tactical decisions mre than the ac tiiins , the
which is the capstone of the Army's ss stem of field enemy. In this respect, a %, inter ensironnient is Itin (I
manuals. Three examples of this viewpoint are: the most demanding on the resources of a soldie,..\

1. "The first battle o our next war could well be snow cover affects his mode it travel and his choice of
its last battle: belligerents could be quickly exhausted, cover. The cold weather changes the clothes he vsears
and international pressures to stop fighting could bring and the shelter he erects. The depth of frost in the soil
about an early cessation of hostilities. I he United States

could find itself in a short, intense war -- the outcome may influence his decision to build defensive positins
of which may be dictated by the results of initial com- above the ground or in the ground.
bat. This circumstance is unprecedented: we are an This report discusses expedient construction of one

Army historicall unprepared for its first battle. We or two-man fortifications using snow and frozen soil.
are accustomed to victory wrought with the weight of It outlines the advantages and limitations of fortification
materiel and population brought to bear after the onset

of hostilities. Today the U.S. Army must, above all else, construction using these materials in terms of the pro-
prepare to win the first battle of tht: next war." tection they provide against small arms fire and the time

2. "Our Army must expect to fight its battles at the required to construct the fortifications.
end of a long, expensive, vulnerable line of communica- This report also describes the results of:
tions. Forward deployed forces, and those reinforcements 1. A field test (phasel) conducted at Camp Ripley,
immediately available, must therefore be prepared to

a.complish their missions largely with the resources on Minnesota, in which 5.56-mm and 12.7-mm-diameter
hand. They must anticipate combat against forces with bullets were fired at fortifications constructed from
ultramodern weapons, greater numbers, and nearby snow. The tests were conducted in simulated combat
supply sources. Winning will rest predominately with conditions at ranges up to 250 m. Previous tests were
commanders of engaged forces. The U.S. Army must all done at close range.
prepare its units to fight outnumbered, and to win."

3. "U.S. Army combat development seeks to increase 2. A field test (phase II) conducted at CRREL in
the Army's ability to fight decisively by searching com- which 5.56-mm and 7.62-mm-diameter bullets were
bat experience, experiments, tests, and technology for fired from close range and at different angles into the
ways to provide better weapon systems, organizations, smooth surface of a snow embankment to determine the
tactics and techniques. Success in combat developments influence of impact angle on bullet behavior.
is vital for our success in battle."

Finally, this report reviews the results of previous
laboratory and field tests on frozen soil (Aitken 1979a, b)



and on snow (Johnson 1977). -This develops into a dis- recoilless rifle which was used to fire shaped charge
cussion on the relationship between the terminal stabilit\ antitank rounds. Johnson (1977) expanded on Syhafer
of small arms proiectiles in gelatin (Roecker et al. 1977) field tests with the three small-caliber weapons. f arrell
and ,nos ICole and F arrell I979). 1he report also in- (in prep.) expanded on Schaefer's work with the 90-mm
eludes comments on the design parameters for the recoilless rifle.
stabilit, of small-caliber projectiles in air which result In general, these investigations showed that, in ito/en *
in instabilitv and tumbling of the projectiles in a dense soils, penetration of all t% pes of projectiles tested was

material such as gelatin, snow and frozen soil. In additr )n, significantl', less than in unfroen soils. In both snow
it relates the importance of tumbling to rapid deceleration and frozen soils, penetration increased as impact velcits
and reduction in penetration of the bullets. increased until projectile deformation, instabilitv, oir a

combination of the two caused a decrease in penetration
Background at the higher velocities.

The work described here \&as part of an overall in-
vestigation (f materials that are available in cold regions Foreign technology
for building expedient protective structures. A literature surves on winter tactics and field for-

The objectives of the overall program were to cle- tifications was requested from the U.S. Arms Foreign
termine: Science and Technologs Center (FSTC). The literature

1. ,What changes subfreezing temperatures cause in obtained through this suree summarizes Societ Icd

the protective properties of materials, construction capabilities and tactics during the period
2. What modifications to construction techniques 1960-75. In general, most of the illustrations of recom-

.e required to build conventional protective structures mended field fortification construction techniques appear
in a cold environment. overl complex and labor-intensive except for the for-

3. F low& materials such as ice, snow and frozen soil titications constructed in deep snow, i.e., - -0 cm deep.
could best be used as building materials, both alone and At this depth, snow is the primar,, construction material.
in combinatiom with other materials. At snow depths between 20 and 50 cm, a combination

The studies reported here address the latter objective, of excavated soil and packed snow is recommended for
Swinzow (1972) reported penetrations of small arms construction ol parapets if the ground is not too hard

projectiles and steel spheres into compacted snow. He and the frost penetration is not too deep. At snow depths
observed that ogive-shaped projectiles from small-caliber of less than 20 cm, use of snow is recommended onls
rifles tumble in snow and that the physical relationship for camouflage.
between penetration of bullets and material properties The literature also contains examples of studies of
of the targets is very complex. the protection that snow provides. The following quo-

In 1974, CRREL completed its Terminal Ballistics tation is taken from an article that appeared in the
I acilitv ; this facilits was described by Farrell (1979). November 1975 issue of the Finnish Army Engineer
Aitken (1979a, b) presented data on blunt-shaped, Magazine Pickaxe (1975), which describes the results
fragment-simulating projectiles that were fired into of tests carried out at the training area at Sarriojarsi,
snow arid frozen soils. He also presented data on 7.62- Finland, in the winter of 1 975. Under the heading of
mm bullet penetrations in frozen soil. Using some of "Snow" the article says:
the most recent analytical techniques for predicting pene- "Snow is not only a drawback but also an advantage.

trations. he found good correlation between measured The protective value of a dug-out constructed in snov

penetrations in both snow and frozen soil for the frag- and a trench one can advance through by crawling should
not be underestimated, although its greatest advantage

ment-simulating projectiles. Ffe explained that these ist be bi ltou Costruatnf adug
is that it can be built quickly. Construction of a dug-

projectiles, which had flat frontal surfaces, showed no out in the ground takes about eight ines longer than
evidence of tumbling. For 7.62-mm (30-caliber) to dig i-ito the snow. in a minor scale test series the
military rounds fired into frozen soil, he found that purpose was to clarify the capacity of snow not treated

correlation was not as good and that it broke down or packed and not mixed with soil to provide protection
against rifle caliber bullers. It was concluded from the

completelh when the rounds began to tumble above results that the density of snow and the penetration of

specific impact velocities, bullet followed the following formula:

Schaefer (1973) gave preliminary data on the pene-
tration of several U.S. infantry weapons in packed snow. P = (3.0-3.6'Y) t00
These weapons included the M16A1 rifle (5.56 mm), where: P = penetration of a bullet cm)
M60 machine gun (7.62 mm), 50-caliber machine gun -F= density of snow (g/cm' I.

(12.7 mm), M79 grenade launcher (40 mm), and 90-mm

2
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rhe densit5 ot snoa, especidlls in earls winter, may be parapet from packed snow. Subsequently, just as under
0.2 gm/cm' which gives a penetration figure 210... 240 summer conditions, a trench is dug for a rifle squad by
cm. On the other hand it revealed that it is important connecting the one man foxholes with each other with
to increase the snow density . the test series are valuable a communication trench which has been dug out in the

enough to be continued." snow."

Johnson's (1977) penetration data for the N160 "With availability of sufficient forces and time, it is

machine gun and the M 16A1 rifle are compared with always desirable to begin to dig the trenches and com-

the Finnish equation in Figure 1. The graph suggests munication trenches immediatel% after digging in. )e-

pending on the depth of the snow coser, the trenches
that the "ritle caliber bullets" were from 7.62-mm are dug either completely in the snow IFig. 31 or partiall

weapons similar to the M60 machine gun. A power in the snow and partially in the ground[Fig. 4].'
regression was used for cure titting of Johnson's data "In deep snow Which permits digging a trench to full

to obtain the equations shown. depth or somewhat less (for movement bent oer), first

we clear away the snow to the planned mark of the bot-tom of the trench pit. Then we lace the front and rear

field fortifications be built in stages by using the most slopes of the trench with layers of clumps of snow, ice,

available materials first (snow is recommended) to or clumps of frozen ground, sprinkling them with loose
achieve marginal protection, then by using the materials snow and with a subsequent leveling out and packing.
requiring more labor as time permits. If there is a reservoir nearby, it is recommended that

each row of clumps of snow and sprinkled snow be

The best ava ilable information on Soviet concepts of sprinkled with water during the construction of the trench.

fortification construction in cold regions is contained In loose snow and in the absence of clumps of frozen

in a Soviet field manual Engineer Organization ofa ground or ice, the slopes of a snow trench are made with

Rifle Co. in a Defensive Area (Belokon 1960). The a wooden lining."

instructions for building a one-man foxhole are as follows: "The parapet of the trench is faced to a height of 30-
40cm. If the parapet is made from moist. tight1i, packed

" In d igging in , one-m an foxho les are m ade by throw ing s o It th e ss is br u h to . m t e Wi t h
snow, its thickness is brought to 1.5-2.0 meters. With

out the snow to the required depth. The parapet of the looser snow, the thickness of the parapet is increased to
foxhole is made from packed snow. With a depth of 3.5 meters."

snow of 50-60 cm, a foxhole for firing from the kneeling "The work in digging a trench in dirt --- two soldiers
position is dug at once. A foxhole for firing from the are given one crowbar (or heav pick mattock) and two
standing position is dug in the snow and partially in shovels and a sector of trench 4-6 meters long is desig-
the ground with the indicated thickness of snow cover. nated. Working in torn With the crowbar (pick mattock"
rhe dirt which is taken out in digging is used for the and shovel, the soldiers first loosen up and thro% out

construction of the parapet which, upon completion the frozen ground and then, by layer, they dig out the
of the work, is camouflaged with clean snow. Such a thawed ground with sapper shovels to the required depth.
foxhole Ishown in Fig. 21 is dug by a rifleman in 3.5-4 It is extremely important that work be conducted con-
hours. However, in view of the difficulty in working tinuously on each section of the trench since, when

frozen ground, a one man foxhole for firing from the halting, the thawed ground which is beneath the frozen
standing position is made most often by creating a higher crust freezes quickly and hinders the work. For the

cm in Curve Source P

400 160 A M60MachineGun 46.9 -y-1.17

I From FinnishA B Eng. Periodical (3.0-3.6 ,Ix 100

3 0 "Pickaxe" (1975)

C M16A1 Rifle 2.33 7"

200 - so o0

C
0

100- 40

0.1 0.2 0.3 0.4 0.5

Density (q/cm
3

)

Figure 1. Penetration for Finnish and CRREL field tests in snow.
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Frozen Ground

50-6 cm~

the ~ ~ ~ ~ ~ e Srid(nr e/ko 16)

-250-400cm -

1---00 cm -. 4 30cm

Clumps Packed'
/of"'Snow

tnow/ 7j 110cm

Frozen Ground

Figure 3. Making a trench in snow% (from Be/okon 1960).

same reason, it is expediensto pla~e the dirt %hich has Results of previous laborators and f ield tests conl
been dug out in the parapet immedliatels . Alter corn- dlucted at short ranlge Were USed to speCii\ the dirnen-
pletion of dJigging the trench, the entire section is camn- sions of thc fortifications, since b\ being confsistent xs ith
ouflaged b\ a las er ot snow." previous studies anl\ change in sno\% fortification per.

"The p~r,'IU~tiit of labor of one soldier in digging
out a trench in frozen ground rnanualls is 2.2.5 running formance Woutld he detected.
meters in 8 hours. C.onsequentls , about 45SO man-das
are required to dig one kilometer of tren~h. Sur~h an c\- Test preparations
penditure ot labor." Before the test at Camp Riple\ , a rehearsalI \k ithouit
Despite this acknO~Iedgment, the pages folloing weapons was conducted to tatmiliariie the Squad memn-

the above section in the field manuai contain matil\ hers and the CRR[L cameraman with thle test plan. 1t
examples of elahorateix constructed underground became apparent that sonic margin of safet\ would tic
positions that were Used during Iorld Wajr 11. sacrificed if the assault was conducted while the troops

were runnitng; unseen protrusions or depressions hidden
beneath the snow could easil\ cause the mien to stumble

PHASE I TEST PROGRAM and fall while firing their weapons. Therefore, the pace
of the troops was slowed and they were restricted to

Purpose and objective semi-automatic fire. Both of these restrictions undoubtedl.
The purpose of the test conducted at Camp Ripley increased accuracy of the fire and the severit\ of the

for this investigation Was to evaluate the performance test.
of fortifications constructed from snow under conditions Also, during the rehearsal it was realized that camera
approxsimating those of a combat environment. The coverage would he difficult if a flanking maneuver was
evaluation included both the methods of construction used. For safety, the cameraman's position would have
and the performance of the fortifications against small to be located further to the rear and his field of view
arms fire.
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Figure 4i. Vuriations in making a trench in frozen ground (froni Be!okonl 19c60).

could not coser more than small portions of the action, the squad leadei b\ appl\ ing standald rilitr\ tliCtlc,
Therefore, it was decided to use a frontal attack. ith little regard tor our es L sno\i.

The freedom from flanking fire also permitted a After exhausting the snoV, supph% in the immediatc
simpler design of the fortifications. This was desirable icinit\ of each of the tour fortifications, the se ,n-man
because the study had lower priorit\ than other troop squad adopted a system using an akhio (sled) to haul
training exercises and had to be concluded during a two- snow to the construction sites. One mailn packed and
week training period. shaped the embankment, and two men held the cana

skirt of the akhio open while three men alternatel\
Construction of snow fortifications shoseled the snow (Fig. 5). The twvo men who had held

The snow in the test area was approximately 30 cm the skirt then dragged the loaded akhio to the site. In a
deep with a slight wind crust and a density of 0. 16-0.18 real situation, the seventh man would have had guard
g/cm . In contrast, Johnson (1977) conducted his study duty.
under more favorable conditions (66-cm snow depth of The first three fortifications were spaced about 10 m
0. 18-g,'cm 3 density) and was not concerned with such apart and straddled a road through the platoon attack
considerations as camouflage discipline or tactical course. The snow for the fortifications was hauled 5 m
location, to the first two fortifications and 1 5-20 m to the third

For this study, an effort was also made to inject an fortification. A fourth fortification was constructed
element of realism in the construction of the fortifications for tests with a 50-caliber machine gun. The dimensions
by using the following controls: of the four fortifications are given in Figure 6. The three

I. Caaoutiage discipline: no snow was removed and smaller positions were constructed with 4.1 m3 of packed
no tracks were left that would be readily visible from the snow and the larger fortification was constructed with
fronts of the positions. 12.2 m3 of snow for the machine gun test. Figure 7

2. Tools: only standard issue equipment was used. shows the production rates for the four fortifications
The three snow shovels used were a light aluminum type, as well as the rates reported by Johnson (1977). At
36 cm wide x 35 cm deep with a 2.5-cm high lip. Camp Ripley, the depleted snow conditions, together

3. Tactical realism: the locations were chosen by with the requirement for camouflage discipline, resulted

5
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Figure 6. Dimensions of snow embankments constructed for
line fire assault.
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Snow Fortificoatons

20 (a) Camp Ripley
(o) Johnson (197 7

So, I Fortificotions
S600 (A) FM5-15

o r ,2
• 400 -

8

Z' 200 /
4

0 - ...

0 0 4 8 12 16 20 24
Manhours

f -igure 7. L un hundled Ls. rnunhours reqwred for snov c'tnhunk-

inen ts and untrozen soileA CUvdtiots.

in producti% it, about two-thirds less than reported b\ I or the 0-.alihet machi1te gun V%2HB,, 2 h, wtinnc .

Johnson. test plan specified 200 f, und,, which rep s"e'1 c'd i
As d point if reference to compare the data on pro- realistic figure fot 1.OS T in tilte tlite .t Si Ldl. t h.n

ducti%[it for the snow tests, the ,olume of soil excavated the plan was chanped and a sinlI tIcatin was .,-

and the time ro.quired to build e\pedient fortifications structed to test Aith this ,, Capon, the alh,trl nir !, r hc
in unfrozen soil were extracted from Field manual FM 50-caliber machine gun "as l(out-retd () O(1 ounds. These
5-13, Field Fortifications (HQ, DA 1972). Figure 7 were fired from a hilltop about 15 m high and 250 m

shows that, even under the restrictive conditions previous- distant from the neM, fortification.
It explained, 3-7 times as much packed snow can he
handled in the same time frame. Test results

Of the 700 5.56-mm rounds fired fron the %Ib-NI

Test plan rifles at the three smaller positions, 609 of the Irounds
The plan specified two separate attacks on the three (870 1 either stopped in the snow or went wide of the

smaller fortified positions using NII6A1 rifles. The witness screens. Of the 91 rounds that did hit the %it-
squad began the attack at a range of 200 m and halted ness screens, 63 cleared the positions altogether. lhis

10 m from the fortifications. They paused onl, at the was indicated b the path o1 the bullets through the
midpoint for a controlled reloading of the weapons. witness screens and stable flights indicated b\ lack of
Twenty rounds of 5.56-mm (M193) ammunition were tumbling. On, 28 rounds (4 . of the total) passed
issued for each man's M16AI rifle for the first part of through snow before hitting the screens. As Figure 9

each attack which covered about 75 m of the approach. illustrates, these rounds were distinguished h a kes -
Thirty rounds were issued to each man for the second hole-shaped puncture and usuall, a rising flight path
part. In total, 700 rounds were expended in the two indicating deflection by the snow (broaching). I "o

assaults by the seven-man squad. The resu!ts of both of these rounds appeared to have hit the side of the
assaults were registered on double-layered witness fortification and struck the screens near the fringe of

screens behind each position (Fig. 8). These 1-m high the area that was shielded by the snow. None of the
x 2-1/2-m wide screens were erected with a 30-cm bullets penetrated the 1.8-m thickness of the snow.
spacing between the two layers. From measurements The test using the 50-caliber machine gun (M2HB)
of the point of impact and the shape of each hole in was less conclusive. Of the 70 rounds fired, onl\ 8

both screens, estimates were made of the direction of ( 1%) struck the 1-m high x 3-m wide witness screen
flight and the orientation of all bullets that struck the and a similar number hit the position. No rounds

screens (Fig. 9). penetrated the 3-m-thick embankment.

7
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Fiqure S. Whitness screens bhhifI snall sO h tankmetlt.

PHASE II TEST PROGRAM 1 1. AtUr' each series, the cinbankment %sas dissectd
at-d flesh sll , wAJS exp(sed ftI the flext tCet.

Purpose Vertical slots, 3--i cm %kide, were made with j chain-
I he purpose of this stud, was to obtain pteliminar\ saw at 30-cm intersals and at right anics to the bullet

data on the broaching characteristics of bullets fired from trajectories. Paper sheets were inserted as %itness screens.
small arms weapons. The weapons were chosen tor The outline of the mound was marked on each wAitness
their unique features of external ballistic design. 1 he screer.
tests were conducted in the field and the intent was to On the front taLCe of the embankment, both serticil
collect enough infornation to define the requirements and 45 cuts were made with a handsaw. For the %er-
for a future laborator\ stud%. tical face ot snow, 10 rounds were fired in each test.

F-)r the test a Communist bloc AK47 rifle and an For the 45 impact angle, 6 shots were tired in a hori-
Ml 6AI rifle were received on loan from the 10th zontal row at a specified distance hom the top of the
Special Forces Group at Ft. Devens, Massachusetts. An embankment to maintain the 30-cm spacing between
%114 rifle was alread, on hand. These are shown in the point of impact and the first vertical witness screen.
Figure 10. Tests with the three weapons were also conducted

at a shallow impact angle on the top of the embankment.
Snow embankment construction A gunner's quadrant was attached to each weapon as

The snow embankments were constructed with a it was being fired to determine the angle of impact to
snow blower. Production rates are not given because within 20 mils (±1 .25o) of the desired 250-mil (140)
the snow was cycled twice to break up a thin melt crust, angle of impact.
Two snow embankments (3/4 m highx 1-!12 m widex 30
m long) were shaped with shovels. The mechanical Test results
processing and warm air temperature (0 to -3'C) pro- Data from the tests with bullets fired horizontalls
duced a dense snow of 0.4 to 0.5 g/cm 3 with an ex- into the snow are presented in Table I. The test con-
ceptionall high hardness of 5-25 kg/,rn2 . All measure- ditions were not controlled closely enough to detect
ments were taken according to procedures outlined by the slight differences in maximum penetration of the
SIPRE (1954). three types of ammunition fired from the two 30-

caliber (7.62-mm) weapons (types M80 and M59 from
Test procedures the M14 rifle and type M43 from the AK47 rifle). All

The three weapons were fired horizontally at one of these rounds penetrated about 90 cm at both 900
end of the embankment of snow, as shown in Figure

8
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R:1116A 1 Rifle

b

WtA K4 7 Rifle

C

figure 10. Test weapons for Phuse II.

Table 1. Results of tests in dense snow using M16A1, M14 and AK47 Rifles at 90 and 450 impact angles.

lipc I \o. oi rounds pro enctatiia

.Mbov, der'it . ,r temp I vpi- and no. angle vrcens at:

lest n). (g/C-m 'C a l 0gpon) rds. tired t') 30 cm 60 (vi 90 cm )tormatiii

1 0.464 -4 MI4 M80 10 90 10 10 4 No

12 0.440 -4 %14 M80 10 90 10 10 5 No

1 3 0.408 MI14 M59 10 90 10 10 0 No

T4 0.448 -7 AK47 M43 10 90 10 10 0 No

T5 MI6AI M193 10 90 10 3 0 Yes
T6 0.470 -8 NI14 M59 6 45 6 6 0 No

T 0.516 +2 M14 M80 6 45 6 6 1 No

18 0.496 -4 AK47 M43 6 45 6 6 3 No

T9 0.424 M16A1 M193 6 45 6 3 0 Yes

10
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Table 2. External ballistics of small arms.

Calibet i.ir mim 7.6 2-m m NA 10 7.(2 ii
Roiund i 1d IIt'll %Io t) 3 \,159* and %180 M43

StU/1k \cliut% 0I9U ill s i Q50 11,s) hs3 n~s (28001 ts. -10 1s 2 31u its

1%159 has a milId steel toler; baud1 is longui it) attain same "eig~ht as densm 1Cad LUrc
in N18U.

Figure 12. Deformed 5.56-mm (rype Al1193) and unde formed 762 inin
(Tyjpe 1143, 1180 and A159) bullets recovered from Phase /tests.

aInd 4i- angles of impact despite some dillferences in diameter (M] 93) bullets ss as redLuced ti urn(60 to ap-

the V\1IJ te ~liliLic the bullets I fable 2). proximatells 50 cm ws ith the samne characteristic I lat*
rhe %1 193 (5.56-mm) ammtunitiOnl fired in the NI 16A NI ening of the bullet.

rtil was less ef fective, with an average penetiation oi)
approvimatels 60 cm. Again the influcet of the two
angles iii impact was not detectable. -All of these i.56. DISCUSSION OF RESULTS
mm-dliameter bullets were fliattened as shown in I igure
12. None of the 7.62-mm-diamreter hulicts were de- Lewandowski (1970) conducted a stud\ on the
formed. Subject of projectile broaching and tabulated the eriti-

Measurements at the very shallow impact angle of cal angles of impact (the angle at which SO'?. of the
250 mils (140) were made b dissecting the trajector% projectiles broach) using several projectile t pes and
ot twAo rounds for each ammunition type fired. The tar get materials. A critical angle of 7 - 15o was re-
results are presented in Table 3 and Figure 13. These portled for 7.62-mm, Ni-SO tyrpe rounds impacting oin
tests showed onls small Curvature of the path of the water, 11 - 1 3o on [glin sand, and 14 - 16' on \omning
7.62-mmn bullets (M14 arid AK47) and Virtctally no0 Bentonite, a cla1 soil.
deflection of the 55i6-mmn hullets (Nil 6A1 ) from the The results of the live fire tests (Phase 1) show that
impact trajectors. The 7.62-mm-bullets veered slightly onl a very small percentage (4P-) of the rounds in-
upwards and average penetration was reduced from patted at an angle that was shallow enough to cause
90 to 75) cm. The average penetration of the 5.56-mm- broaching on packed snow. Ihe results of the phase

If studies indicated that the broaching resulted from
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Table 3. Penetration of bullets fired at 250-mil (140) impact angle
into dense snow (0.49 g/cm 3 ).

I i ,,t halibcr r.po o 1 thisriItul pr. !epth belo

rIth, (vrn) routid 1'(177) surfat' (t i) Lh'orti iOt

MI6AI 5.56 M193 51 13 Yes
MIbAI 5.56 M193 49 11 Ye
AK47 7.12 M43 74 1] Nu
.\K47 7.2 N143 73 8 No
M4 7.62 %159 69 10 Nu
%114 7.62 M59 78 I0 No

Impact Angle
250mils (14*)

in co Snow Surface
00CO

e"~--.

4 10- (9) M14 Rifle "-- o

(A) AK 47 Assault Rifle - ..Q
' 6 - (0) MI6 Al Rifle

Snow Density 0.49g/cm
3

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 m

0 0.4 0.8 1.2 1.6 2.0 2.4 ft
Distance from Impact

Fiqure 13. Penetration and deflection of 5.56 and 7.62-mm bullets in dense snov% at shalloli. im-
pact angle.

a %er\ shallow angle of impact of less than 250 mils however, even with small accumulations of snow. The
(140). A comparison with the broaching from sand, phase I tests at Camp Riple\ in a 30-cm-deep snow
cla, and water described b\ Lewandowski (1970) cover showed that this guidance is realistic, but for-
showed that broaching in well packed snow is similar tifications can be built by hauling snow to the site.
to broaching in other materials. Schaefer (1973) and Johnson (1977) described ef-

I-or the test with the 50-caliber machine gun (M2HB), forts to build snow fortifications using Soviet snow
the small number of iounds that struck the fortifications block techniques illustrated in Figures 2, 3 and 4. They
did not provide conclusive results, both concluded that these techniques were not efficient,

Measurements of volumes of packed snow handled particularly for the dry, subarctic snow found in Alaska.
during construction showed that productivity under But during his study Johnson did demonstrate success-
the limitations of shallow snow depths and camouflage fully the use of large burlap bags (50-lb potato sacks)
discipline was two-thirds less than Johnson (1977) filled with snow to build the vertical wall of a snow
reported under more favorable conditions. A com- parapet. He rejected the smaller sand bags in favor of
parison with the production rates given in Field Manual the largest bags that a man can handle easily. Schaefer
FMS-15, Field Fortifications (HQ, DA 1972), for tested a pile of snow blocks with an M60 machine gun.
various positions in unfrozen soil, show that 3 to 7 He reported that continuous fire led to collapse of some
times more packed snow was handled in the same time blocks and left adjacent blocks intact. He effectivel
frame, punched a hole through the structure. In contrast, simple

Both Russian (Belokon 1960) and Finnish (Pick- piles of packed snow collapsed after each impact. This
axe 1975) sources concur that is difficult to build efficiently scaled the hole and the resulting collapse of
even simple positions entirely from snow when the the overall structure was not catastrophic.
depth is less than 50 cm. At snow depths of less than In the Phase II tests, the relative insensitivity of a
20 cm, the recommendations are that fortifications bullet to its angle of impact was not unexpected. These
be built almost entirely from soil or other available tests also confirmed that bullets are unstable in a medium
materials. Camouflage discipline is still necessary,
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s denwc a , ,ow .tnd that the angle of impact is oNote that ,1 is inversely proportional to the stahilit%

ectondai importanice. It wa, also observed that turn- factor and is itself directly proportional to the drag R
blng bul lt nta', wsander but are not apt to seer dras- in terms of 1 and L, the orthogonal components of R.

i[callh If u11 their Of iginal trajectories. [he design criteria Knowing that the bullets under consideration have

lot stable tlight ol spin-stabili/ed projectiles in air also stability factors in air that are somewhat, but not sig-
indicated that the bullet, would be extremely unstable nificantly, greater than 2.5 (overstabilized), the stabilit\

4, factor for flight in snow changes in direct proportion

I iroieC 14 tatter HIQ, A\tC Pamphlet 706-107, 1963) to the ratio of densities of air to snow. The ratio is:

i, a itr ,'-bod\ diararn that illustrates some of the forces

that acLt Oo a bullth. h equation given for drag is: air density (sea level, 1 5'C) = 0.001225 g.'cm 3

medium packed snow density - 0.40 g/cm 3

l 
1

') P d
2

t1
2

,,t air - 3.06, 10- 3

snowsshere: I) dti, lb

&It drag ,Coefficient Esen assuming relatively high stability factors in
P denSit\ Ot air, lb ft 3  air, the stability factors in snow will be several orders

h bullel diameter, tt of magnitude below the minimum value of one for
U r bullet selocit' , lt/s stability. In fact, snow is so much denser than air that

these semiempirical equations for air probably do not
Note that the drag is directl\ proportional to the den- appl', . Although in-depth analysis along this line is
sit, of the lif. beond the scope of this report, the reader is referred

[his pamphlet also states: to Cole and Farrell's report (1979) for a more detailed
I he ondition for stahilit, o i totaling projectile analy, sis and to Roecker et al. (1977) on a stud\ using

i, expt.csV(e h, theI actor: a target of gelatin that has a densits twice that of packed

snow. The inference of these equations is that an\
•1\ effectively designed, spin-stabilized projectile will corn-
4l81 ply ver, closel with the above design parameters. B\

sh~ele I liihe axial moment of inertid oi the Ptiect il, doing so, the will be inherentl, unstable in snow.

lb sec , ft
8 the moment of inertia about a tiansverse

ais thiough the cente, o1 rraits, lb sec' It CONCLUSIONS AND RECOMMENDATIONS
S tile rate ot spin of the proiectile, radians/sec

If the o',ertuutning moment tactor caused bvai tile ovre nis dmend facto cas h. ~All the referenced reports that deal with targets muchair force' R, and is def~ined as(,/' (1)+L cotb)

(It-tb). Note that the overturning moment is denser than air have either confirmed or suggested in-
(P (L cosh/,+) sinA) and is equal to GP (L stability or tumbling of ogive-shaped bullets. The \ aw
coth+r)) sin h.* angle of the bullet at the time of impact has been shown

"The stability fa tor rma' be used to predict the to be the most important factor determining how far a
degree of stabilit, which a projectile will exhibit in flight. bullet will travel in a dense medium before rapid ,aw
Proiectiles hasing a stability factor less than one will be growth and tumbling are initiated. Because tumbling
•ers unstable, will probabl tumble, will lose range, negates the efficient geometry, of a bullet, the predict-
and will produce deviations in accuracy. Projectiles ability of the onset of tumbling is crucial in the selection
having a stability factor greater than one but less than
2,5 will not tumble, will normally find the nose leading and quantity of materials used in a fortification.
the center of gravity of the projectile throughout the Where soil ws used for fortification construction,
trajectory, and will exhibit a desirable impact attitude Aitken (I 979b) reported that freezing of the soil tar-
for point detonating ammunition. Stability factors gets reduced total penetration for some projectiles b\
greater than 2.5 indicate an overstable round, one which as much as a factor of four. However, since most
will not track properly since the attitude of the projectile
does not deviate throughout the flight (i.e., projectile fortifications will probably be built with unfrozen
lands on its base), and are found in small arms and high soil, either during a warm season or during a cold sea-
velocity anti-tank ammunition. In such instances, the son, by excavating below the frost layer, opportunity
high spin rate results in such slow precession that the to improve present construction techniques using soil
trajectory is completed before the projectile can effectively
nose down on its trajectory." is minimal. Aitken does make the observation that

tumbling of bullets in soil stopped at lower velocities

*See Figure 14 for illustration of terms.
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Re sultant air '

R rsi sta e Direction of
motion with

respect to air

Center of Pressure
G

Center of Gravity

fkqure 14. Free bod) diagram of ogive shaped projectile in flight (after HQ A MC 1963).

and penetration increased over 250,; but this is still Belokon, A. (1960) Engineer organization of a rifle company

well below the penetration in unfrozen soil. in defensive area. Mjnistr% of Defense of the USSR,
Moscow. U.S. Arms I- oeign Science and fechnology

Generallv , this stud has shown that: ( I ) for- Center (FS TC), I ranslation HT-23-I024-70.

titications constructed from snow perform favorably Cole, D. and D. Farrell {1979) Bullet penetration in snow.

compared with those constructed from other natural CRREI Special Report 79-25.

materials; and (2) Iortitications constructed of snow Fairell, D. (1979) Terminal ballistics testing procedures.

can be built even under adverse circumstances. Esti- CRREL Internal Report 603.

Farrell, D. (in prep.) Effectiveness of snow fortifications

mates o manual construction rates extracted rom against shaped charge anti-tank projectiles. CRREL Special
Soviet manuals clearlx, show that expedient construction Report.

of fortifications built from snow is a verv attractive Headquarters, Department of the Army (1972) Field for-

alternative to expedient construction of fortifications tilications. U.S. Army Field Manual 5-15.
built from frozen soil. Headquarters, Department of the Arms (1976) Operations.

U.S. Army Field Manual 100-5.

One jasic deficiency that exists in both laborator, Headquarters, U.S. Army Materiel Command (1963) Elements

and field studies of this type involves the relationship of armament engineering. Part Two: Ballistics. AMC Pam-

between bullet flight in air and its angle of yaw. Be- phlet 706-107.

cause small arms bullets are overstabilized, the yaw Johnson, P. (1977) Defensive works of subarctic snow. CRREL

angle initially decreases because of the gyroscopic ef- Report 77-6.
Lewandowski, G. (1970) Ricochet of unstabilized and stabilized

fect of the bullets. Then, as grayitv causes an arced projectiles off various surfaces. U.S. Army Materiel Ss stems

path, the angle of yaw increases with distance. This Anal' sis Agency, Aberdeen Research and Development

,aw growth has been mathematically and experiment- Center, Degradation Effects Program, Methodology and

ally determined in air; but the critical angle that in- Evaluation Working Group, Report Number 10.

duces tumbling in snow at lower bullet velocites (i.e., Pickaiv ( 1975) Field fortifications in winter. Finnish Arms
Engineer Magazine. FSTC Translation 6-831-0295-75.

long r ange) is not known. Roecker, E., M. Piddington, D. Neades, L. Sturdivan and 1.

In the CRRF L laboratory facilities, the bullet veloc- lameson (1977) Comparative analysis of gelatin correction

ilv can be decreased, but realistic ,aw conditions can- techniques for bullet lethality. Part I. U.S. Army Ballistics

not be simulated repeatedlh. Field tests, as noted, are Research Laboratory , Technical Report 02033; U.S. Army
Chemical Systems Laboratory, Technical Report 78016.

Schaefer, 0. (1973) Construction of field fortifications with

base to draw reliable conclusions. Both the laboratorv snow. CRREL draft report (unpublished).

and field approaches are recommended for future SIPRE (1954) Instructions for making and recording snow

studies. observations. U.S. Army Snow, Ice and Permafrost Re-
search Establishment, Instruction Manual.

Swinzow, G. (1972) Terminal ballistics in ordinary snow.
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